The Greenland Ice Sheet is an object of increased attention for at least two reasons related to global climate change (1, 2) . First, complete melting of the ice sheet would raise the global sea level up to 7 m. This process, expected to occur on a millennial time scale, should begin when the critical È3-C threshold for Greenland climate warming is crossed, perhaps before the end of this century (2, 3) . Second, increased Greenland Ice Sheet melt and freshwater input into the northern North Atlantic Ocean have been theorized to weaken or even disrupt the global thermohaline circulation on a relatively rapid, multidecadal time scale (4, 5) . Here, we address changes in the surface elevation of the interior of the Greenland Ice Sheet, which is pertinent to both of these critical issues through glacier mass balance, i.e., accumulation minus losses.
The response of the Greenland Ice Sheet to climate forcing is not straightforward, because variability in solar radiation, greenhouse gases (GHGs), atmospheric circulation, surface temperature, cloud cover, precipitation, and albedo, as well as glacier-flow dynamics, may affect the magnitude, rate, and direction of changes in glacier mass balance (1) (2) (3) 6) . Efforts to measure changes in the Greenland Ice Sheet from field observations and aerial and satellite remote sensors have improved our knowledge over the past decade, although there is as yet no consensus assessment of the overall mass balance of the ice sheet (6) . There is nonetheless considerable evidence of melting (7) (8) (9) and thinning (10, 11) in the coastal marginal areas in recent years, as well as indications that large Greenland outlet glaciers can surge at subdecadal time scales (12) , possibly in response to climate. Less known are changes that may be occurring in the vast elevated interior area of the ice sheet, although a balance has been reported based on some tracks of aerial laser altimetry, unevenly sampled in space and time (10, 13) . This underscores the need for long, continuously sampled data sets, such as those derived from satellite altimetry. Whereas decadal and longer satellite-derived data sets have been developed for surface melt (7) (8) (9) , the surface-elevation data sets analyzed previously have been discontinuous (10, 11, 13) and relatively short (14) .
Therefore, we derive and analyze a continuous satellite altimeter height record of Greenland Ice Sheet elevations by combining European Space Agency (ESA) ERS-1 and ERS-2 data to (i) determine the spatial patterns of surface elevation changes over an 11-year period, 1992 to 2003, (ii) determine seasonal and interannual variability of the surface elevation over the same period, and (iii) investigate how observed elevation changes are linked to the North Atlantic Oscillation (NAO) pattern of atmospheric circulation (15), which we hypothesize to have an underappreciated role on the Greenland Ice Sheet surface elevation through its effect on winter precipitation. This is a critical issue, as the NAO index (16) is predicted to become more positive in response to increasing GHGs (17, 18) .
The data set analyzed here to identify Greenland Ice Sheet surface-elevation changes is based on 11 consecutive years of ERS-1 and ERS-2 radar altimeter height measurements (19) . The methodology used to calculate elevation changes is based on the crossover analysis using the differences in ice-mode altimeter heights at crossing points of the satellite-orbit ground tracks (19) . Elevation change rates (dH/dt) were calculated for 0.5-latitude Â 1.0-longitude cells using two methods. In the first method-the dH/dt method (20)-we used all available crossovers. The dH/dt was determined as a slope of a linear fit to the crossover difference of elevations versus time interval using descending minus ascending orbits. The second method-the time series method (21)-was applied to form seasonally averaged time series of elevation change, using descending minus ascending orbits and ascending minus descending orbits (19) . Thus, the first method gives the spatial elevation change averaged for the entire time interval, whereas the second method allows investigation of the temporal variability of spatial averages.
However, to merge ERS-1 and ERS-2 as one data set, it is essential to account for bias between the satellites. To achieve this, we developed and applied the following procedures. We applied the systematic 40.9-cm offset, with ERS-2 being lower then ERS-1, specified by ESA (22) and confirmed by Brenner and colleagues (23) , before investigating the remaining bias. Although there was a year (1995 to 1996) when the satellites operated in tandem, the number of ERS-1/ERS-2 crossover points available during this period is considered insufficient to determine the betweensatellite bias directly from elevation differences during the overlap (19) . Therefore, we estimated the bias using a large number (8 mil- lion) of crossover points between ERS-1 orbits during its whole period of operation from 1992 to 1996 and ERS-2 orbits from a period of equal length, 1995 to 1999, including the 1-year overlap, giving higher reliability (19) (fig. S1 ). The calculated spatially averaged ERS-1/ERS-2 bias is 21.5 T 2.0 cm. The bias is spatially variable, and the effect of the bias on determining dH/dt from the crossover data varies from typically È2 cm/year over the interior plateau to about 20 cm/year over icesheet margins (19) . We applied this bias for each ERS-1 Â ERS-2 crossover point before calculating the dH/dt average for each cell.
The spatial pattern of variability derived from the dH/dt method is mapped as the 11-year elevation-change rate for each cell ( , with values of -10 to -15 cm/year. The regional differences in elevation change reflect, to varying degrees, the location of ice divides ( Fig. 1) , notably between southwest and southeast Greenland, þ10 to þ20 cm/year and -5 to -15 cm/year, respectively. The most substantial thinning is observed over outlet glacier areas, particularly in western, southeastern, and northeastern Greenland, which implies a dynamic mechanism in addition to changes in precipitation and melting Ee.g. (24, 25)^.
The surface-elevation change rate averaged over the Greenland Ice Sheet Eexcluding those marginal cells with unreliable data (19)^is þ5.4 T 0.2 cm/year, or È60 cm for the period 1992 to 2003. We have partitioned the variability into different elevation bands of 500-m intervals, starting at G1500 m and extending to 93000 m (Table 1) . Below 1500 m, where summer melting is pronounced, the mean dH/dt is -2.0 T 0.9 cm/year for the period 1992 to 2003. Above 1500 m, the mean dH/dt is þ6.4 T 0.2 cm/year. These dH/dt values are obtained before correcting for isostatic uplift, which is estimated to be approximately 0.5 cm/year averaged for the entire Greenland Ice Sheet (26) . When adjusted for average uplift, the overall ice thickness changes are thus about þ5 cm/year or 54 cm over 11 years, whereas above 1500 m, these values are about þ6 cm/year or 65 cm over 11 years. The latter results are in contrast to the high-elevation balance reported previously (10, 13) , based on spatially and temporally discontinuous observations, in contrast to our 11-year data set comprising 45 million crossover points. The positive changes observed here imply increased accumulation, supported by evidence that elevation changes in the interior of Greenland can be attributed primarily to snow accumulation (27) .
The time-series analysis (19) of elevation changes spatially averaged over all cells G1500 m and 91500 m indicates seasonal and interannual variability of up to tens of cm (Fig. 2) . Below 1500 m, there is no significant trend until 1999, after which a negative trend of È6 cm/year is evident. Above 1500 m, the positive change is 6.1 T 0.6 cm/year, confirming the result from the dH/dt method. The overall elevation change derived from the time-series method is þ5.3 T 0.5 cm/year, also confirming the dH/dt result.
Regional temperature and precipitation are both influenced by the NAO (15) . Because the NAO in winter strongly affects precipitation, with r È -0.75 for model-calculated total precipitation for Greenland and r È -0.80 for southern Greenland (28), we hypothesized that the NAO weather and precipitation pattern 4 . These values exclude those cells with unreliable, discarded data ( Fig. 1) (19 strongly affects ice-sheet elevation change. However, systematic precipitation measurements are available almost exclusively for the coastal stations and not the interior, such that the NAO index may serve as a proxy for precipitation. Therefore, we examine the direct relation between Greenland Ice Sheet elevation change and the NAO index (16) . Elevation changes during winter have been calculated from the time series using the differences between winter (December-January-February) and the preceding autumn (September-October-November). Figure  3 shows ice-sheet elevation changes during winter and the winter NAO index for 1992 to 2003. The correlation between elevation changes and the NAO is maximum when lagged one month, e.g., November-December-January for the NAO and December-January-February for elevation, with r È -0.88 (s G 0.05, df 0 10), thus explaining about three-quarters (r 2 È 0.77) of the elevation changes. The correlations for spring, summer, and autumn are, as expected, lower: 0.04, -0.08, and -0.28, respectively, implying no significant effect of the NAO during these seasons. The winter correlation (-0.88) is stronger than the above-mentioned correlations for the NAO and modeled Greenland precipitation (28) , which implies that the NAO index is a very good proxy for winter precipitation data. Therefore, strongly negative NAO-index conditions lead to increased accumulation and elevation change during wintertime, and vice versa. This is exemplified by the changes observed from 1994/1995 (-10.1 cm) to 1995/1996 (þ11.6 cm), associated with a record positive-to-negative NAO reversal (2.4s to -3.1s) (Fig. 3) . The relation is based not only on the intensity of the NAO but also on the development and position of the Icelandic Low (29), which, for example, shifted southwestward to Cape Farewell between 1994/1995 and 1995/ 1996 (Fig. 4) , giving higher precipitation especially in southern Greenland. However, in other years, a weak negative NAO index may be due simply to a weakly developed Icelandic Low, in which case the elevation change is barely positive, as in 2001 (Fig. 3) . The relationship appears weak in the most recent years, since 2001, with the NAO index relatively neutral.
The observed correlation between the NAO and ice-sheet elevation changes suggests that future trends in the NAO could influence the Greenland Ice Sheet surface elevation. The winter NAO index trend has been generally positive since the 1960s, although during our 1992 to 2003 study period, the trend happened to be slightly negative, hence the observed increase in elevation. Model experiments with increasing atmospheric concentrations of GHGs generally indicate an increasing (positive) NAO and a slight northeastward displacement of the Icelandic Low in the future (17, 18)-both implying less winter accumulation over Greenland.
Nonetheless, as mentioned, the NAO can explain about three-quarters of the surface elevation changes, leaving us to speculate on other factors. A modeling study (30) of the Greenland Ice Sheet mass balance under greenhouse global warming has shown that temperature increases up to 2.7-C lead to positive mass-balance changes at high elevations (due to accumulation) and negative at low elevations (due to runoff exceeding accumulation), consistent with our findings, which implies that perhaps a quarter of the growth may be caused by global warming in Greenland (31) in our observation period. Furthermore, the observed elevation change implies that ice-sheet growth in the interior of Greenland may partly offset the freshwater flow of the retreating subpolar glaciers needed to explain the freshening rate of the world ocean, which can be explained almost entirely by Arctic sea-ice melt (32) .
In conclusion, we have presented new evidence of (i) decadal increase in surface elevation (È5 cm/year) within a study area comprising most of the Greenland Ice Sheet, 1992 to 2003, caused by accumulation over extensive areas in the interior of Greenland; (ii) divergence in elevation changes since the year 2000 for areas above and below 1500 m, with high-elevation increases and low-elevation decreases, the former in contrast to previous research (10, 13); and (iii) negative correlation between winter elevation changes and the NAO index, suggesting an underappreciated role of the winter season and the NAO for elevation changes-a wild card in Greenland Ice Sheet mass-balance scenarios under global warming.
There are, however, caveats to consider. First, we cannot make an integrated assessment of elevation changes-let alone ice volume and its equivalent sea-level change-for the whole Greenland Ice Sheet, including its outlet glaciers, from these observations alone, because the marginal areas are not measured completely using ERS-1/ERS-2 altimetry (see Fig. 1 ). It is conceivable that pronounced ablation (e.g., 10, 11) in low-elevation marginal areas could offset the elevation increases that we observed in the interior areas. Second, there is large interannual to decadal variability in the high-latitude climate system including the NAO, such that the 11-year-long data set developed here remains too brief to establish long-term trends. Therefore, there is clearly a need for continued monitoring using new satellite altimeters-including advanced ones with improved ice-sheet ranging in steeper coastal areas-and other remote-sensing and field observations, together with numerical modeling to calculate the mass budget through net losses and net input from snow (33). 
which have positive and negative NAO index values, corresponding to negative and positive changes in Greenland Ice Sheet surface elevation, respectively (see Fig. 3 ). Data are from National Centers for Environmental Prediction (NCEP)/National Center for Atmospheric Research (NCAR) Reanalysis (35 (3) . These early farming cultures originated in Hungary and Slovakia, and the LBK then spread rapidly as far as the Paris Basin and the Ukraine (4, 5).
The remarkable speed of the LBK expansion within a period of about 500 years, and the general uniformity of this archaeological unit across a territory of nearly a million square kilometers ( Fig. 1) , might indicate that the spread was fueled to a considerable degree by a migration of people (6) (7) (8) . On the other hand, a number of archaeological studies suggest that local European hunter-gatherers had shifted to farming without a large-scale uptake of genes from the first farmers (9) (10) (11) . Genetic studies carried out on modern Europeans have led to conflicting results, with estimates of Neolithic input into the present population ranging from 20 to 100% (12) (13) (14) (15) (16) (17) (18) (19) (20) . A theoretical simulation study by Currat and Excoffier (21) has recently suggested a minor contribution, clearly less than 50%, and possibly much less. Conclusive ancient DNA studies on skeletons of the first European farmers have so far not been published to our knowledge.
To resolve the question regarding the extent of the Neolithic female contribution to the present European population, we collected 57 Neolithic skeletons from 16 sites of the LBK/ AVK culture from Germany, Austria, and Hungary. These include well-known archaeological sites such as Flomborn, Schwetzingen, Eilsleben, Asparn-Schletz, and several new excavations; for example, from Halberstadt and Derenburg Meerenstieg II. All human remains were dated to the LBK or AVK period (7500 to 7000 years ago) on the basis of associated cultural finds. We extracted DNA from bone and teeth from the morphologically well-preserved individuals, and we amplified nucleotide positions (nps) 15997-16409 Esee supporting online material (22) ^of the mitochondrial genome with four overlapping primer pairs. In addition, we typed a number of coding-region mtDNA polymorphisms, which are diagnostic for major branches in the mtDNA tree (22) .
From a total of 57 LBK/AVK individuals analyzed, 24 individuals (42%) revealed reproducibly successful amplifications of all four primer pairs from at least two independent extractions usually sampled from different parts of the skeleton. Eighteen of the sequences belonged to typical western Eurasian mtDNA branches; there were seven H or V sequences, five T sequences, four K sequences, one J sequence, and one U3 sequence (table S1). These 18 sequences are common and widespread in modern Europeans, Near Easterners, and Cen- 
